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Abstract 
For sequence stratigraphic analysis of extensive carbonate platforms (hundreds of kilometres wide) developed in 
greenhouse climates on broad, passive margins, less emphasis should be placed on large-scale seismic geometries, and 
more attention paid to sequence stratigraphic correlation of stratigraphic sections based usually on isolated outcrops. 
To this end, quantitative analysis of accommodation emerges as a simple, useful tool, that allows detailed 
architectural reconstructions, regional chronostratigraphical correlation and systems tract interpretation. In this 
paper, a quantitative analysis of accommodation was applied to the wide platforms that developed in the southern 
passive continental margin of Iberia during the mid-Cretaceous (late Albian to early middle Cenomanian interval). 
This analysis was based on several integrated techniques including: (I) construction of total accommodation curves 
with the aid of backs tripping techniques for calculating decompacted sedimentary accumulation through time, (2) 
mathematical analysis of these curves and characterisation of second- and third-order accommodation patterns, and 
(3) analysis of parasequence stacking patterns in peritidal cyclic successions by means of Fischer plots. By applying 
these techniques to eight individual sections logged at the decimetre scale in outcrops of the External Zones of the 
Betic orogenic belt, it was possible to characterise the second- and third-order accommodation signal for this interval 
in the basin. The second-order curve defines a long-term sigmoidal pattern of nearly six million years, with low rates 
of accommodation generation in the first and the last part of the interval, and high rates in the mid-interval. The 
third-order signal defines six accommodation events of one million years average duration, which controlled the 
development of six successive depositional sequences and their systems tracts. On the basis of this new sequence 
stratigraphic framework, a high-resolution, 2-D platform transect, showing the spatial distribution of facies, was 
erected and analysed. The results notably complete previous qualitative sequence stratigraphic data on the platform 
and contribute to a better understanding of the nature of systems tracts and their boundaries in response to 
overlapping of second- and third-order accommodation patterns. 
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1. Introduction 
In carbonate platform research, much effort has 
been focused on applying sequence stratigraphic 
techniques to the carbonate rock record (e.g. Cre­
vello et aI., 1989; Sarg, 1989; Tucker et aI., 1993; 
Loucks and Sarg, 1993; Haq, 1995; Wright and 
Burchette, 1996; de Graciansky et aI., 1998), yet 
attempts to apply basic methods of defining de­
positional sequences and systems tracts to the 
analysis of ancient, huge, carbonate platforms 
have met with major difficulties. 
These platforms, hundreds of kilometres wide, 
were developed mainly on broad, lower plate, 
thermally-subsiding passive margins under green­
house climatic conditions such as those prevailing 
during the Cretaceous. They do not have good 
analogues in the present day ice-house world. In 
addition, many such platforms were subsequently 
thrust and folded during the destruction of pas­
sive margins, and incorporated into oTogenic 
belts. In these cases, the geological record of the 
platforms can be very incomplete, mainly consist­
ing of isolated outcrops many kilometres apart. 
For the sequence stratigraphic analysis of these 
ancient widespread platforms, less emphasis 
should be placed on stratal geometries (large-scale 
patterns recognisable in seismic sections or in ex­
ceptionally well preserved, smaller-scale, plat­
forms) but more attention paid to sequence strati­
graphic correlation of individual sections logged 
on usually isolated outrops (e.g. Osleger and 
Read, 1993). Such correlation has been too often 
based on vertical palaeobathymetric trends - de­
duced from detailed sedimentological and palaeo­
ecological studies - which were considered proxies 
of accommodation changes (i.e. relative sea-level 
variations). However, these patterns of variation 
in accommodation must be inferred not only from 
water-depth estimates but also from sedimentary 
accumulation rates. In carbonate settings, these 
are mainly controlled by organic carbonate pro­
duction, which is strongly related to changes in 
water-depth (e.g. Schlager, 1992). 
This paper presents a quantitative approach to 
this type of sequence stratigraphic analysis, and is 
illustrated by a mid-Cretaceous carbonate plat­
form of the Mesozoic southern passive continen­
tal margin of Iberia (Fig. l a). To quantify both 
accommodation and accumulation changes, a 
combination of different techniques is proposed 
and applied to individual sections of the platform. 
These include: (1) calculation of accumulation 
rates corrected for compaction, (2) construction 
of accommodation curves, (3) mathematical anal­
ysis and modelling of the accommodation curves, 
and (4) analysis of para sequence stacking patterns 
in peritidal cyclic units by means of Fischer plots. 
All the techniques and mathematical procedures 
used are extremely simple. Their application to 
stratigraphic sections is easy and relatively quick, 
and the results obtained are particularly useful in 
sequence stratigraphic studies, enabling the con­
struction of regional, high-resolution, chronostra­
tigraphic frameworks on which to base detailed 
facies pattern reconstruction. 
2. The mid-Cretaceous platform of the Betic 
margin 
The field work for this study was concentrated 
in the Jumilla-Yecla Region (SE Spain; Fig. 1b). 
This area is centred in the Prebetic Zone, a broad 
tectonic unit that corresponds to the most exter­
nal portion of the foreland fold-and-thrust belt of 
the Betic orogenic belt. Here, the carbonate plat­
forms that developed during the Cretaceous on 
the southern continental margin of the Iberian 
Plate (the so-called Betic margin) probably 
present their most complete record, cropping out 
in SW-NE elongated sierras separated by Quater­
nary alluvial fans and wadi-like plains. 
The tectonosedimentary evolution of these plat­
forms, recently summarised by Vilas et al. (1998) 
and Martin-Chivelet et al. (2002), indicates that 
the ancient continental margin was strongly af­
fected by intraplate stresses that modified broad 
thermal subsidence and punctuated its history 
with a series of relatively short tectonic pulses 
or events that episodically changed the regional 
palaeogeography. These tectonic pulses are 
marked in the sedimentary record by regional un­
conformities, which enable the definition of a se­
ries of major allostratigraphic units (herein called 
sequence sets) of average duration 4-6 Ma (Fig. 
2a). Within each of these unconformity-bounded 
units, several third-order depositional sequences 
and related relative sea-level changes can be rec­
ognised (Martin-Chivelet, 1995). 
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Fig. 1. (a) Location of the Prebetic domain within the southern passive margin of Iberia on a palaeotectonic palaeogeographic 
reconstruction for the mid-Cretaceous. Modified from Ziegler (1988). (b) Location of the stratigraphic sections analysed in the 
Jumilla Yecla region. Note that sections 1, 2 and 3 correspond to the Albacete palaeogeographic domain (a slowly subsiding, 
'cratonic-like' area which defined the transition between the Iberian massif and the passive continental margin), while sections 4, 
5, 6, 7, and 8 correspond to the Prebetic domain. Map based on Martin-Chivelet (1993) and Vilas and Querol (1999). 
One of these sequence sets (late Albian to early 
middle Cenomanian in age) was chosen for appli­
cation of the combination of quantitative tech­
niques presented herein. This sequence set, la­
belled in Fig. 2a with the roman number 'VI', 
provided a good example for this analysis mainly 
because: (1) it comprises the widest platform ever 
generated in the margin, (2) this platfonn devel­
oped during a relatively long interval of low, ther­
mally induced, tectonic subsidence, that took 
place after the period of extensional tectonics 
of the Early Cretaceous and before the interval 
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Fig. 2. (a,b) Chronostratigraphic summary chart for the Cretaceous of the Jumilla Yecla region (from Vilas et at., 1998), showing 
the distribution of lithostratigraphic units (formations) and major unconformity-bounded units (sequence sets), from which the di­
agram corresponding to the late Albian to middle Cenomanian sequence set (considered in this paper) was obtained and enlarged 
(modified from Martin-Chivelet, 1995). 
of strong block tectonics probably related to 
the onset of the Alpine convergence in the margin, 
(3) the absence of substantial hiatuses in the 
stratigraphic sections, and (4) the existence of ex­
ceptional and continuous outcrops, which allow 
detailed decimetre-scale logging. In addition, 
there is a vast amount of available data on this 
platform including detailed sedimentological, 
stratigraphic, diagenetic and biostratigraphic 
data in Fourcade (1970), Azema (1977), Masse 
et aL (1992), Martin-Chivelet et aL (1990), 
Martin-Chivelet (1993, 1994, 1995) and Gimenez 
et aL (1993). 
Within the study area, the sequence set consid­
ered is fonned of dolomitised shallow marine car­
bonates and, in its lower part, also by fluvial to 
coastal clastics. The whole unit is 120-450 m 
thick. The thinnest sections (below 150 m) are 
found in the northwestern part of the region, in 
the outcrops that palaeogeographically corre­
sponded to a less subsident, 'cratonic-like' area 
(the so-called Albacete domain), which marked 
the transition between the Hercynian massif of 
the Meseta (to the northwest) and the faster sub­
siding areas of the continental margin (to the 
southeast). Facies belts also reflect these palaeo-
95 � 
� 
:!i 
3 
Z 
� 0:: Z w « 3: ::E 0 0 ...J 
Z 
W 
() 
100 � � 1ii D.. 
...J :::l 
« 
.&;' 
�U Ht ��'\j. 
�JH I AI�I Prebetic Domain D"",,'" 
unconfcrmily � 
Villa de 
VesFm 
Chera Fm 
--..; : 
Bk:uon:a Mbr 
. oJumllla;---l 
Estenas Mbr 
? :� ��----� 
. . . . ta Rooa 
. Utrillas Fm . 
unconfcrmily � 
Fig. 3. Main biostratigraphic data derived from the carbonate platform under study and its immediately under- and overlying 
platforms (based on Fourcade, 1970; Masse et at., 1992; Martin-Chivelet, 1993, 1995; Martin-Chivelet et at., 1990; Gimenez et 
at., 1993). The biostratigraphic record of the Villa de Yes and Alatoz Formations is rather poor because of pervasive dolomitisa­
tiOll. 
geographic patterns. Deeper facies occur towards 
the southeast. 
Fig. 2b shows a chronostratigraphic summary 
chart of the upper Albian to lower middle Ceno­
manian sequence set in the J umilla-Yecla region. 
Fig. 3 summarises the main biostratigraphic data 
yielded by these rocks (and by those immediately 
under- and overlying them). The sequence set 
comprises five fonnations (Utrillas, Jumilla, 
Chera, Alatoz and Villa de Ves) and the chart 
shows their distribution and thickness range. 
The quantitative analysis is based on eight strati-
graphic columns (Albatana, Fuente Alamo, Esca­
bezado, Cuchillo, Penon Grande, Santa Ana, Si­
erra Larga, and Carche, Figs. 1 b and 4) that were 
logged on a decimetric scale, and can be consid­
ered representative of the Jumilla-Yecla region. 
The three former sections correspond to the low 
subsiding Albacete domain, with shallower facies 
and a thinner and more incomplete record, while 
the other five belong to the Prebetic domain. The 
Cuchillo section, centrally located within the 
study area, will be used to illustrate the method­
ology applied to all sections. 
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Fig. 4. Simplified log of the stratigraphic sections considered in this study. See Fig. lb for geographic locations. 
3. Sedimentary facies 
Only a brief description of critical sedimento­
logical data on the lithostratigraphic units that 
comprise sequence set VI will be presented, since 
tbese bave been extensively described in previous 
works (Gimenez et aI., 1993; Martin-Cbivelet, 
1993, 1994). 
In tbe study region, this sequence set rests un­
conformably on deposits of ages ranging from 
Iurassic (in the Albacete domain) to late middle 
Albian (cf. Masse et aI., 1992; Gimenez et aI., 
1993). Sedimentation started in the early Late Al­
bian from a vast, low-sinuosity, fluvial system 
(Facies A in Fig. 5), which is represented by the 
uncemented sands of the Utrillas Formation (Fig. 
2b). Basinwards and upwards, these sands grade 
into the Iumilla Formation, a heterolithic unit of 
carbonates, marls and sands. The unit can be sub­
divided into three carbonate members (La Rosa, 
Estenas, and Bicuerca in upward order, Figs. 2b 
and 6A) separated by two siliciclastic units (un­
named). The carbonate members, often dolomi­
tised, are formed mainly of bioclastic grainstones 
and packstones, requieniid-rich wackestones, and 
rudist-chondrodont-coral tbickets, deposited in 
shallow marine environments (Facies B in Figs. 
5 and 6B). The siliciclastic subunits consist of 
thin-bedded siliciclastic sands, dolomitic marl­
stones and sandstones, marly limestones and do­
lomites, which are interpreted as shallow subtidal 
to supra tidal deposits (Facies C and D in Fig. 5). 
According to their facies belt arrangement and 
platform to basin transition (which takes place 
outside the study area), the Iumilla Formation 
facies were interpreted as deposited in mixed (car-
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Fig. 5. Main depositional facies of the late Albian to middle Cenomanian carbonate platform. 
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aI., 1993). 
homoclinal 
of Read (1985) 
barrier-bank 
(Gimenez et 
The top of the Iumilla Fonnation shows a rap­
id transition to the Chera Fornaation. This unit, 
uppernaost Albian to lowernaost Cenonaanian in 
age, consists of naarls and naarly carbonates de­
posited in peritidal to shallow marine environ­
ments (Facies D of Fig. 5). The deposits of the 
Chera Formation preceded the installation of a 
huge carbonate systena in the Early Cenonaanian, 
interpreted as a flat-topped, fully aggraded car­
bonate platfonn (cf. Martin-Chivelet, 1995). 
This new platform is represented in the area by 
the Alatoz Fonnation (inner-shelf to shelf-edge 
deposits: naassive or naega-crossbedded orbitoli­
nid grainstones and packstones, bioturbated 
wackestones, and rudist biostronaes, all intensely 
dolomitised, Facies B, E, and F in Fig. 5) and 
the Villa de Ves Formation (thick peritidal cyclic 
successions with supra tidal shabkha deposits, 
Facies G and H in Fig. 5, see also Fig. 6C-G). 
The Villa de Ves Formation is absent in the 
southeastern part of the region, where deposition 
of open marine facies typical of the Alatoz For­
mation prevailed up until the end of the sequence 
set. 
Development of the platform ended abruptly in 
the start of the middle Cenonaanian, when a tec­
tonic event provoked drastic changes in the re­
gion's palaeogeography and basin geometry 
(Martin-Chivelet, 1995). The top of the sequence 
set is marked at some points by a thick level (1-15 
m) of collapse breccias (Fig. 6A-G). In other out­
crops, giant tepees and supra tidal carbonates are 
present. These facies correspond to the uppennost 
part of the Villa de Ves Formation. Where termi­
nation of the sequence set is recorded in the Ala­
toz Fornaation, a caliche crust can be recognised 
at the top. 
This sequence was qualitatively analysed frona a 
sequence stratigraphic perspective, both in the Ju-
Fig. 6. Several outcrop features of the upper Albian to middle Cenomanian carbonate platform in the Jumilla Yecla region. (A) 
General view of the platform at Sierra del Cuchillo. Key: 1, Jumilla Formation; 2, Chera Formation; 3, Alatoz Formation; 4, 
Villa de Ves Formation; 5, Collapse breccia level at the top of the Villa de Ves Formation. The exposed section is 230 m thick. 
(B) Subtidal parasequence in the Jumilla Formation; Sierra del Cuchillo. (C) General view of the Villa de Ves Formation in 
Petion Grande. This unit is formed by a homogeneous succession of dm-scale peritidal parasequences. The total thickness of the 
unit in this outcrop is 110 m. (D) Detail of a peritidal parasequence of the Villa de Ves Formation in the Escabezado section. It 
consists of a shallow subtidal calcarenite bed overlain by a dolomitic bed with planar stroma to lites and desiccation cracks. The 
base and top of the parasequence are marked. Scale 1 m. (E) Planar stroma to lites are the most pervasive facies of the Villa de 
Ves Formation. Detail of the Sierra del Cuchillo section. (F) Collapse breccia affecting a bed of laminated dolomicrite, Villa de 
Ves Formation; Sierra del Cuchillo. (G) Detail of massive collapse breccia from the top of the Villa de Ves Formation in the 
Sierra del Cuchillo. Note the spectacular tepee structure in a breccia clast. 
milla-Yecla region (Martin-Chivelet, 1993, 1995; 
Gimenez et aI., 1993) and in neighbonring areas 
(e.g. Southern Iberian basin, Gimenez, 1987; 
Alonso et aI., 1993; Garcia et aI., 1993). Despite 
remarkably uniform lateral facies distribution in 
most of the Prebetic Zone and the Iberian 
Ranges, the results of these sequence stratigraphic 
analyses are not always consistent, differing in 
tenns of the number of sequences and their hier­
archy. These inconsistencies are discussed at the 
end of this paper. 
4. Methods and results 
The methodology used involved the following 
steps: (1) calculating accommodation changes 
from decompacted stra tigraphic sections, (2) 
quantitatively analysing the accommodationltime 
curves obtained, (3) quantitatively discriminating 
third-order accommodation episodes, and (4) ap­
plying Fischer plots and related methods to cyclic 
intervals. This integrated analysis served to con­
struct a sequence chronostratigraphic framework 
for the platform. 
4.1. Accommodation changes deduced from 
stratigraphic sections 
This analysis is based on the standard concept 
of accommodation or space made available for 
sediment accumulation (Jervey, 1988). In conti­
nental margins, accommodation changes are 
mainly given by the superposition of variations 
in sea-level and in subsidence (e.g. Emery and 
Myers, 1996) and, for a given palaeogeographic 
point, they can be expressed as variations in the 
vertical distance between a given local moving 
datum (e.g. a surface within the sediment pile) 
and the base level. 
For the very wide, very shallow, and nearly flat 
carbonate platfonns analysed here, to calculate 
accommodation we assumed that the base-level 
datum is equivalent to the sea level. Accordingly, 
changes in accommodation for a given point can 
be expressed as the changes in the vertical dis­
tance between the datum of reference and the 
sea floor plus the vertical distance between this 
surface and the sea level, i.e. the sum of accumu­
lated sediment and water-depth: 
L1 Accumulation + L1 Bathymetry � 
.1 Accommodation 
This last point is essential because it implies 
that accommodation changes that took place at 
a given point in a basin during a given time in­
terval, can be easily calculated from the strati­
graphic section generated for this point dnring 
this time, provided we can interpret the section 
in terms of accumulation and water-depth 
changes. This basic procedure, summarised in 
Fig. 7, was applied to the eight sections of the 
upper Albian to middle Cenomanian platform. 
Palaeowater-depth values can be deduced from 
palaeoenvironmental analysis (Fig. 5). All calcu­
lations were based on maximum and minimum 
values in an effort to calculate the range of error 
introduced by palaeobathymetric estimates in the 
accommodation calculations. However, as most 
of the units were deposited in very shallow envi­
ronments, that range of error is very small (below 
5 m in most cases). Further, to reduce graphical 
output, average values for accommodation were 
adopted as the best in each case. 
Accumulation values are obtained from sedi­
ment thickness. However, the thickness of any 
stratigraphic section is not only determined by 
accumulation but also by subsequent volume 
loss through compaction. To establish the real 
change in accumulation, we need to calculate 
the thickness of a sediment layer at any time in 
the past. To do this, the given sedimentary layer is 
moved up the appropriate porosity-depth cnrve, 
which is assumed to be exponential of the form: 
0/ � % e-CY 
where 0/ is the porosity at any depth y, % is the 
surface porosity and c is the coefficient describing 
the slope of the cnrve. Porosity-depth corrections 
are calculated by establishing the percentages of 
different lithologies (in our sections, limestone, 
dolo stone, marlstone, uncemented sand, and lu­
tite) within each sedimentary unit, and by apply­
ing the empirical litho logical parameters proposed 
by Sclater and Christie (1980), Schmoker and 
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backstripping procedures. The stratigraphic section of the example is hypothetical. Key: white beds, intertidal carbonate; grey 
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Halley (1982), and Goldhannner (1997). Data 
from the rocks overlying sequence set VI were 
incorporated into the decompaction calculations. 
Stratigraphic information on these overlying ma­
terials, ranging in age from late middle Cenoma­
nian to Quaternary, was obtained from Azema 
(1977), Baena (1979); Baena and Jerez (1982), 
Gallego et al. (1984a,b), Garcfa de Domingo et 
al. (1984), Kenter et al. (1990) and Martin-Chive­
let (1993). For the decompaction calculations, we 
followed standard backstripping procedures 
(Steckler and Watts, 1978; van Hinte, 1978), com­
monly used in subsidence analysis (e.g. Bond and 
Kominz, 1984; Allen and Allen, 1990; Angevine 
et aI., 1990). 
Decompacted thickness and palaeowater-depth 
data obtained for each sedimentary unit in a 
stratigraphic section need to be plotted against 
time to yield an accommodation change curve. 
Transferring our waterdepth and decompacted 
thickness estimates to the relevant time domain 
was a delicate task. One of the first objectives of 
this study was to produce a regional chronostrati­
graphic framework for the platform, based on 
quantitative sequence stratigraphic analyses. 
However, given the lack of basic chronostrati­
graphic data and initial assumptions, the method 
could not be applied. The chronostratigraphic in­
formation given by biostratigraphy is essential 
(Fig. 3), but far below the resolution of the strati­
graphic analysis perfonned, where units a few 
decimetres thick (and representing a few thousand 
years) were considered. Thus, the ages of rocks 
had to be interpolated. As linear interpolations 
of biostratigraphic ages would mask changes in 
acconnnodation through time (because this would 
assume homogeneous rates of sedimentation) it 
was assumed that, within cyclic rock intervals 
(such as parasequence sets), the individual dura­
tion of m-scale, shallowing-upwards cycles (para­
sequences) is the same. These thin stratigraphic 
units, independently of their allocyclic or autocy­
clic origin, have been considered as the basic 
'building blocks' of the larger-scale, lower-fre-
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quency (third-order) depositional sequences in an­
cient carbonate platforms (e.g. Goldhammer et 
aL, 1993). In the present case, as in comparable 
shallow marine platform carbonate sllccessions, 
two main types of cycles can be separated on 
the basis of their facies: peritidal cycles, charac­
terised by intertidal or supra tidal facies in their 
upper part, and subtidal cycles, which do not 
shoal enough to reach sea level and are composed 
only by subtidal facies and bounded by flooding 
surfaces. 
Another important point is the time represented 
by unconformities. In the platform under study, 
there are no significant hiatal or erosional surfaces 
through the succession. However, the stratigraph­
ic gaps of the unconformities at the base (intra 
late Albian) and the top (intra middle Cenorna­
nian) of the sequence set are substantial, and can 
be considered in the analysis. As the hiatuses rep­
resented in these two surfaces are below the reso­
lution of the biostratigraphy, we estimated a cor­
responding minimum time interval of 0.4 my. 
However, this value is tentative. Nevertheless, 
since the unconformities lie below and above the 
stratigraphic successions considered, possible 
modification of the hiatal estimates does not no­
tably modify the results of the analysis. This point 
needs to be considered when comparing these re­
sults with those published for other basins. 
On these premises, we prepared total accommo­
dation curves for each of the eight stratigraphic 
sections (Fig. 8). On first glance, these curves in­
dicate that although accommodation rates differ 
in each section (with minimum values in the 
northwestern sections and maximum ones in 
southeastern sections), broad patterns of change 
are common to alL A generally positive but 
non-linear trend was shown by all the curves, in 
which segments of markedly different slopes can 
be discerned. Also, a number of minor-scale ac­
commodation changes seem to overlap these wide 
trends. 
4.2. Mathematical fitting of accommodation curves 
In an attempt to model these changes in the 
general shape of the accommodation curves 
through individual sections, different mathemati­
cal fits were calculated for each complete section 
(i.e. Cuchillo, Pefion Grande, Santa Ana and Si­
erra Larga). These include linear, polynomial and 
sigmoidal fits, the latter being based on the Boltz­
man equation (e.g. Reichl, 1980). This process is 
illustrated for the Cuchillo section in Fig. 9 where 
it can be seen that the sigmoidal function provides 
the best fit. 
Results were similar for the other three com­
plete sections (Pefion Grande, Santa Ana and Si­
erra Larga) and best fits were also achieved by 
applying sigmoidal functions. For the other four 
incomplete sections it was assumed that, if com­
plete, they would show a similar shape to the 
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tion rates are higher towards southeastern sections, general 
patterns of accommodation are comparable. 
former, and a sigmoidal fit was applied in each 
case. These results are illustrated in Fig. 10. 
The sigmoidal shape of the accommodation 
curves suggests very discrete accommodation dur­
ing the onset of the sequence set. Later, this initial 
interval gives way to a more rapid increase in 
accommodation, reaching a maximum at around 
the middle part of the sequence set (when the 
curves are of maximum slope). And finally, to­
wards the end of the unit, accommodation grad­
ually returns to very low or even negative values. 
This shape is comparable to the basic pattern cor­
responding to a segment of a theoretical curve of 
a long tenn accommodation cycle. Given its 
length of about 6-7 million years, the cycle should 
be of second-order according to the hierarchic 
classifications of Vail et al. (1991) or Miall (1997). 
In the sedimentary successions observed in the 
outcrops, the initial interval of low accommoda­
tion identified in the curves corresponds to the 
fluvial to coastal sands of the Utrillas Formation. 
These sands show many internal erosional surfa­
ces and are interpreted to be the result of intense 
sand body amalgamation produced in a bed load 
dominated (low sinuosity) fluvial system. These 
deposits are typical of conditions defining low ac­
commodation rates (Shanley and McCabe, 1994; 
Emery and Myers, 1996). 
During the interval of rapid generation of ac­
commodation, a prolonged and multi-episodic 
transgressive phase took place, and massive units 
of subtidal carbonates developed, corresponding 
to the Iumilla and Alatoz Formations. Finally, 
in the interval of gradual decrease in accommo­
dation rates, the subtidal facies of Alatoz gave 
way to successions of peritidal carbonates (Villa 
de Yes Formation) in a broad progradational-ag­
gradational interval. At some points (Cuchillo, S. 
Larga), these successions culminate with a 5-25-
m-thick level of collapse breccias mainly caused 
by karstic dissolution of evaporites. These brec­
cias developed during the interval of very low or 
negative accommodation, when tidal flats started 
to emerge and the base level probably dropped 
several metres below the surface. 
The quantitative results of the accommodation 
curves are in line with previous qualitative inter­
pretations of the evolutionary patterns of the se­
quence set, which suggest a long term transgres­
sive-regressive cycle for the sequence set, both for 
the Iumilla-Yecla region (Martin-Chivelet, 1993; 
Gimenez et aI., 1993) and surrounding areas (e.g. 
Alonso et aI., 1993). 
4.3. Third-order accommodation episodes 
An interesting feature of the previous analysis 
is that the real curve of accommodation of each 
point can be compared with its best fit. If we 
accept that the calculated sigmoidal curve is the 
best approximation to the second-order signal of 
accommodation, the differences between this 
curve and the real data will probably reveal other 
shorter-term, accommodation events. To identify 
these events superimposed in the long-term ac­
commodation pattern, we applied a simple proce­
dure based on the R2 method of Bond et al. 
(1989). The method consists of subtracting the 
best fit (proxy of second-order changes) from 
the real accommodation curve, as shown for the 
Cuchillo section in Fig. 11. 
Results for the eight stratigraphic sections were 
plotted in Fig. 12 using the same scale. All sec­
tions show similar patterns of change, and also 
present a series of accommodation episodes that, 
in most cases, can be easily correlated among each 
other. Six episodes of comparable duration can be 
traced for the area. Each of these episodes is de­
fined by an interval of positive slope, indicating 
rapid accommodation increase, followed by one 
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slope. These intervals are outlined by periods during which 
the real accommodation rate is respectively higher and lower 
than the accommodation rate predicted by the second-order 
sigmoidal function. 
of negative slope (i.e. interval for which the differ­
ence between the real accommodation curve and 
its best fit is negative). Given their duration 
(about 1 million year average), the episodes can 
be interpreted as third-order relative to sea-level 
changes. 
The correlation lines traced in Fig. 12 can be 
used as a basis for chronostratigraphic correlation 
by transfer to the stratigraphic sections. These 
lines mark abrupt changes in accommodation, as­
sumed to be approximately isochronous in all the 
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sections and represents a first attempt of correla­
tion, based on quantitative sequence stratigraphic 
analysis. 
Despite being fairly satisfactory, some of 
the curves plotted in Fig. 12 show intervals 
that are difficult to correlate, mainly because 
they only reflect minor variations in accommo­
dation. This is the case for the upper part of 
the Cuchillo, Escabezado and Pefion Grande 
sections, which are fonned by the very homo­
geneous peritidal successions of the Villa de Ves 
Formation (Fig. l 3a). In these successions, pa· 
laeowater·depth changes through time are mini· 
mal and the methodology applied seems to be 
less sensitive. 
We thus need to resort to other quantitative 
techniques capable of detecting accommoda· 
tion changes in such homogeneous successions. 
As these intervals consist of relatively thick 
successions of metre-scale shallowing-upwards 
cycles (or parasequences), a tool of great poten· 
tial for such purposes can be found in Fischer 
plots. 
4.4. Fischer plots of cyclic peritidal successions 
Fischer plots are a simple, objective graphical 
tool that aid in the analysis of stacking patterns in 
cyclic stratigraphic successions, such as those of 
the Villa de Ves Formation. These plots illustrate 
deviations of individual cycle thickness from the 
average cycle thickness through stratigraphic sue· 
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cessions (e.g. Fischer, 1964; Sadler et aI., 1993; 
Martin-Chivelet et aI., 2000). When systematic, 
cycle thickness deviations can be interpreted in 
tenns of up-section accommodation changes 
(Read and Goldhammer, 1988; Montafiez and 
Osleger, 1993). 
Herein, both 'Fischer plots' and 'modified 
Fischer plots' (in the sense of Martin-Chivelet et 
aI., 2000) were applied and analysed simulta­
neously. Both types of diagrams involve repre­
senting cumulative departure of individual cycle 
thickness from the average, but in the original 
Fischer plots, this cumulative deviation is plotted 
against cycle number, which is often considered a 
proxy of time, whereas in the modified version, 
cumulative deviation is plotted against the real, 
measured, cumulative thickness of the stratigraph­
ic section (Day, 1997; Martin-Chivelet et aI., 
2000) (Fig. 13b). This latter adaptation of the 
original method avoids time implications and al-
lows direct comparison with the stratigraphic sec­
tions, which are obviously scaled according to cu­
mulative thickness. 
Fig. 13c shows the Fischer plots (original and 
thickness scaled) obtained for the Escabezado, 
Cuchillo and Pefion Grande sections. Note that 
the analysis is limited to the cyclic unit that cor­
responds to the peritidal successions of the Villa 
de Ves Formation. Although this unit is fonned 
by stacked m-scale, shallowing-upwards cycles 
such as those illustrated in Fig. 13a, it could 
also include some 'non-cyclic' intervals. These 
can consist of: (1) subtidal facies with a lack of 
well-defined internal ordering, (2) very thin, amal­
gamated cycles fonned exclusively by inter and 
supra tidal facies, and (3) massive collapse brec­
cias. Although these intervals are represented in 
the plots by horizontal lines (following the basic 
procedure used for example by Sadler et aI., 1993 
or Martin-Chivelet et aI., 2000), they are essential 
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for interpreting these diagrams in terms of accom­
modation patterns. 
Another important point is that, within the 
area considered, the Villa de Yes Formation is 
strongly heterochronous at its base due to its lat­
eral passage into the Alatoz Formation (see Fig. 
2b). For this reason, the Fischer plots of the three 
sections present different lengths and shapes, and 
represent different time intervals (maximum in the 
Escabezado section and minimum in the Penon 
Grande). 
Fischer diagrams can be divided and correlated 
on the basis of segments of positive and negative 
slope. Positive slope intervals are given by stacks 
of cycles thicker than the average, and can be 
interpreted as generated over periods of relatively 
highly increased accommodation space. Con­
versely, negative slope segments, determined by 
stacks of cycles thinner than the average, repre­
sent intervals of low generation of accommoda­
tion space. 
The Escabezado section has the longest cyclic 
record and its corresponding Fischer diagrams are 
the most complete of the three sections. The 
diagrams for this section indicate two periods 
of rising and falling accommodation rates. These 
can probably be correlated with the two last 
third-order accommodation episodes, deduced 
from the quantitative accommodation analysis 
described previously (and labelled 5 and 6 in 
Fig. 12). 
In the Cuchillo section, where the cyclic succes­
sion starts later in the stratigraphic record, the 
plots start with an initial segment of low accom­
modation, which finishes in a non-cyclic interval 
determined by the presence by very thin, amalga­
mated cycles, suggesting minimum accommoda­
tion rates. After this, a segment of high accom­
modation can be identified, which corresponds to 
a set of thick cycles, usually containing thick sub­
tidal facies. From this point onwards, the slope of 
the Fischer plot becomes smooth and gives way to 
a final segment of negative slope and very low (or 
even negative) accommodation rates. The diagram 
ends with another non-cyclic interval defined by a 
massive body of collapse breccias. 
Finally, in the Penon Grande section, where the 
time span represented in the Villa de Ves Forma­
tion is notably shorter than in the other two sec­
tions, the Fischer plots only record the uppermost 
intervals of high and low accommodation, respec­
tively (Fig. 13c). These can be correlated with the 
last third-order episode of accommodation of 
Fig. 12. 
The accommodation changes inferred from the 
Fischer plots can be added to those obtained in 
the previous quantitative accommodation analy­
sis. Data integration gives rise to a fairly complete 
chronostratigraphic framework which can be used 
as the basis for subsequent sequence stratigraphic 
and facies architectural analyses of the carbonate 
platform. 
5. Chronostratigraphic transect of the platform 
Through the third-order accommodation pat­
terns deduced from these quantitative analyses, 
detailed regional chronostratigraphic correlations 
can be established for the upper Albian to middle 
Cenomanian carbonate platform. Major changes 
in the third-order component of accommodation 
(maximum and minimum values of the curves in 
Fig. 12, together with the main shifts in Fischer 
plots) were used as a basis for chronostratigraphic 
correlations, according to which the platform may 
be subdivided into genetic units (Fig. 14a) and 
detailed facies correlation and platfonn architec­
ture (Fig. 14b) can be deduced. 
The chronostratigraphic correlation lines in 
Fig. 14a are defined by abrupt changes in accom­
modation patterns, which are interpreted to iso­
chronously occur across the whole area. This 
means that these lines separate two types of ge­
netic unit, respectively developed under condi­
tions of high and low rates of the third-order 
accommodation component, that vertically alter­
nate. 
The first type of genetic unit, deposited under 
conditions of high accommodation, can be inter­
preted as third-order transgressive systems tracts 
(TSTs). As expected of any TST, vertical and lat­
eral facies distributions within each of these units 
(Fig. 14b) indicate that accommodation volume 
increases faster than carbonate production and 
that retrogradation occurs. 
The end of each TST occurs when the rate of 
accommodation falls to match sediment produc­
tion and supply, and most likely coincides with 
the onset of progradation (Fig. 14b). This point, 
theoretically defined by a maximum flooding sur­
face, is rarely obvious in outcrops in which an 
'interval' or 'zone' of maximum flooding (charac­
terised by the deeper facies) rather than a discrete 
surface can be recognised. 
The second type of genetic unit groups includes 
those that developed during intervals of lower ac­
commodation rates (Fig. 14a), defined by a pro­
gradational (yet still strongly aggradational) facies 
geometry (Fig. 14b). These can be interpreted as 
highstand systems tracts (HSTs). 
The upper boundary of each HST is outlined in 
the platform cross-section by a continuous line of 
correlation. However, neither does this line usu­
ally correspond to a discrete surface in the out­
crop. In fact, the upper limit of the HST in the 
field is not defined by an easily recognisable un­
conformity (that could be interpreted as a se­
quence boundary), but by a transitional interval 
that marks a gradational change to the overlying 
TST. These intervals, which usually consist of sev­
eral metres of thin, amalgamated parasequences 
generated under low sedimentation rates and in 
prevailing inter to supra tidal sedimentary condi­
tions, have been identified in similar carbonate 
platforms and denoted 'sequence boundary zones' 
(e.g. Montafiez and Osleger, 1993; Osleger et aI., 
1996) or even attributed to poorly developed low­
stand systems tracts (LSTs), as these deposits are 
generated during intervals of negative values in 
the third-order accommodation curve (e.g. Tuck­
er, 1993). 
The possible existence of LST deposits within 
shallow marine sequences of carbonate flat­
topped platforms has been a controversial topic 
in the last decade. The basic reason for this is 
erroneous translation of the theoretical models 
of third-order depositional sequences (as those 
proposed by Sarg, 1989; Handford and Loucks, 
1993; Wright and Burchette, 1996) to the sedi­
mentary record. Models were erected for deposi­
tional sequences generated in response to a third-
order sea-level cycle and a moderate homogene­
ous subsidence. In these cases, LSTs are generated 
when the accommodation rate is negative (early 
LST) or very low (late LSI) and, consequent­
ly, most or all the shallow platfonn is emergent. 
Sedimentation, during these intervals, is restrict­
ed to the deeper and outer parts of the platfonn, 
whereas the shallow ones continue to be emer­
gent without deposition. When working with the 
real sedimentary record, however, the third-order 
accommodation decrease can be masked by a 
second-order sea-level rise or by highly positive 
subsidence. Then, net accommodation rates may 
always be positive, allowing carbonate to accumu­
late (at very low rates) on the wide tidal flats of 
the platform. 
The succession of third-order TSTs and HSTs 
in Fig. 14a defines six major transgressive-regres­
sive episodes that can be interpreted as deposi­
tional sequences, with an average duration of 
about 1 million years. As pointed out above, 
boundaries between these sequences are not 
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the sequence stratigraphic results obtained by 
qualitative, observational, analysis in both the Ju­
milla-Yecla area (Prebetic Ranges) and the neigh­
bouring southern Iberian Ranges. As mentioned 
in Section 1, despite remarkably uniform lateral 
facies distribution in these areas, the findings of 
previous studies served to differentiate a number 
of genetic units or depositional sequences that 
varied depending on the author and region (Fig. 
15). 
For the Iberian Ranges, initial regional works 
(e.g. Garcia et aI., 1978; Mas et aI., 1982) recog­
nised two 'sedimentary cycles' for the platform 
analysed here: a lower one, late Albian in age, 
defined by two transgressive pulses (Estenas and 
Bicuerca Members), and an upper Cenomanian 
cycle, outlined by a broad trasnsgressive-regres­
sive episode (Chera, Alatoz and Villa de Ves For­
mations). Later on, also for the southern Iberian 
Ranges, a detailed sedimentological study of the 
Villa de Ves Formation (Gimenez, 1988), allowed 
recognition of a transgressive pulse in the middle 
part of this unit, which corresponds to the start of 
sequence 6 described in this paper (Fig. 14a and 
15). Finally, in a synthesis paper by Alonso et aI. 
(1993) for the whole Iberian Range, four deposi­
tional sequences were identified in the southern 
region (Fig. 15) by comparison with the northern 
areas of this mountain chain. 
For the Jumilla-Yecla region, the present au­
thor was able to discern five depositional sequen­
ces, each defined by a transgressive-regressive ep­
isode, on the basis of vertical facies variations 
(Martin-Chivelet, 1993, 1995). Besides confirming 
former interpretations, the quantitative results 
presented here indicate the need to subdivide the 
fourth depositional sequence of past works into 
two new depositional sequences (4 and 5 in Fig. 
14a). This differentiation went unnoticed in qual­
itative studies because of the complex and hetero­
chronous transition between the Alatoz and Villa 
de Yes Fonnations. 
In all these previous works (considering both 
the Iberian Ranges and the Prebetic), systems 
tracts within depositional sequences were never 
precisely separated and analysed, mainly because 
of facies homogeneity and a lack of well defined 
unconfonnities and maximum flooding surfaces in 
the outcrops. In the analysis presented, it was 
possible to achieve this for the area under study. 
Fig. 15 also compares the new stratigraphic 
framework compiled for the study area with the 
sequence stratigraphic chart recently published for 
the Western Tethys (Hardenbol et aI., 1998). For 
the interval during which our platform developed, 
its authors differentiate six third-order deposition­
al sequences, which can be compared with the six 
identified in this paper. Indeed, it is easy to estab­
lish good correlation among them, despite minor 
gaps in sequence boundary ages. These gaps can 
probably be attributed to imprecision in the chro­
nostratigraphic dating of our series. 
6. Conclusions 
The quantitative analysis of accommodation of 
isolated outcrops of ancient, widespread, carbon­
ate platforms developed on passive margins, is 
proposed as a useful tool for chronostratigraphi­
cal correlation, architectural reconstruction and 
sequence stratigraphic analysis. 
This type of analysis, based on a combination 
of different quantitative techniques (constructing 
total accommodation curves - incorporating de­
compaction -, modelling accommodation by 
mathematical fitting, discriminating the third-or­
der accommodation signal and analysing parase­
quence stacking patterns in peritidal cyclic succes­
sions), was applied to the mid-Cretaceous (upper 
Albian to early middle Cenomanian) platform 
that developed at the southern passive continental 
margin of Iberia, which today crops out in the 
External Zones of the Betic orogenic belt. 
These quantitative techniques served to charac­
terise the second- and third-order accommodation 
signal for this interval in the basin. The former 
defines a long-term sigmoidal pattern lasting 
nearly six million years (with low accommodation 
in the first and last part of the interval and high 
generation of accommodation in the middle) and 
the second defines six accommodation events (one 
million years duration average), which controlled 
the development of third-order depositional se­
quences and their systems tracts. It should be 
noted that sequence boundaries were defined in 
the outcrops by transitional intervals rather than 
discrete surfaces. This is because the second-order 
signal notably modulates third-order changes, and 
determines that net accommodation rates always 
remain positive. This allows sediment to accumu­
late in the tidal flats (at very low rates) even dur­
ing third-order falls in sea level. An exception 
occurs at the top of the platform, defined in 
some points by collapse breccias caused by sub­
aerial dissolution of evaporites. These developed 
during an interval of negative accommodation in 
the second-order curve. 
The regional sequence stratigraphic correlation 
based on changes in accommodation patterns al­
lowed the reconstruction of a detailed 2-D facies 
transect of the platform. Third-order accommoda­
tion pattern shifts were much better defined in the 
accommodation curves than the stratigraphic sec­
tions in the field. This indicates that the sequence 
stratigraphic framework obtained by quantitative 
analysis is more precise than that suggested by 
traditional qualitative stratigraphic data. 
This method emerges as a powerful tool for 
stratigraphic analysis based on individual strati­
graphic successions of extensive ancient plat­
forms. It should be made clear, however, that it 
is not an alternative to detailed sedimentological 
and stratigraphic analyses. It should be consid­
ered a new development in sequence stratigraphic 
interpretation and platform characterisation. The 
results of any quantitative approach to accommo­
dation changes will always be strongly dependent 
on the quality of the field study, since this repre­
sents the data source for quantitative techniques. 
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